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Literature Review
The literature on injury theories and related empirical findings were reviewed to form a hypothesis for this study. The hypothesis was tested with empirical data using a cross-sectional case-control design.
Empirical Findings
A considerable amount of research has been done on the epidemiology of farm -related injuries. By 1992, a bibliography of the epidemiology of farm-related injuries already included 343 journal reports and 180 monographs, mostly in English, published between 1914 and 1991 (Nordstrom et al., 1992) . Since then, the accumulation of scholarly research reports has grown substantially. Various injury risks have been identified.
Agricultural machinery has been identified as a major hazard (e.g., Browning et al., 1998; Gerberich et al., 1998; ILO, 2000; McGwin et al., 2000; Rasmussen et al., 2000; Gerberich et al., 2001) . The tractor has been identified as the primary machinery hazard (Lee et al., 1996; Thelin, 1998; Franklin et al., 2001) . In Finland, the number of different types of machines used in farm production was found to be the most important determinant of injuries, regardless of factors such as farmer's age, work experience, size of farm, or vocational education (Tupi and Vohlonen, 1983) .
Animals constitute another significant hazard source. Work with large animals and herds of animals involves high risk because of the unpredictable behavior of animals and their potential to cause severe trauma (Hansson et al., 1989; Boyle et al., 1997; Browning et al., 1998; McGwin et al., 2000; Rasmussen et al., 2000; Gerberich et al., 2001; Park et al., 2001) .
Safe execution of tasks requires sufficient working ability in relation to the demands of the work. Limited work ability has been identified as a risk factor for injury (Brison and Pickett, 1991; Browning et al., 1998; Lewis et al., 1998; MacCrawford et al., 1998) . Musculoskeletal disorders (MSD) are important causes of disability among farmers in Finland (Manninen, 1996; Perkiö-Mäkelä, 2000) . In the medical assessments for granting disability pensions, 77% include at least one musculoskeletal diagnosis. Predictors of musculoskeletal disability include age, gender, overweight, and psychological distress (Manninen, 1996) .
The evidence of the effectiveness of interventions is inconclusive. On one hand, a positive correlation between a safety index score and participation in a farm safety program has been detected (Schafer and Kotrlik, 1986 ). An injury reporting bias has been suggested as an explanation for the negative correlation between safety behavior and injury (Crawford et al., 1998) . On the other hand, it has been suggested that safety attitudes and safety training do not affect the injury frequency (Murphy, 1981; Reis and Elkind, 1997; Lewis et al., 1998; Park et al., 2001) . Vocational education, including relevant management issues and safety training, should result in safer management practices, but as discussed by Murphy (1981 Murphy ( , 1986 , Geller et al. (1990) , Reis and Elkind (1997) , and DeRoo and Rautiainen (2000), results have been contradictory. Consequently, improvement in the design of machines, environment, and systems has been proposed as being preferable to attempts to changing people's safety attitudes or behavior (Heidt and Groh, 1984) . However, merely technical safety implementation without the motivation of workers does not improve safety (Aschenbrenner and Biehl, 1994) . According to some theories, the most important step would be to reduce hazards at work by improving business management (Groeneweg, 1992; Salminen, 1997) . In agriculture, unfortunately, farmers often lack professional management skills and time (Miller et al., 1998) .
Farm work tasks are highly variable. The elevated injury risk in exceptional situations, such as correction of malfunction, seems to be common, irrespective of the industry (Saari and Lahtela, 1981; Salminen et al., 1991; Suutarinen, 1996) . Some factors, such as weather, are difficult or impossible to control. The lack of direct control of such factors does not mean, however, that nothing can be done to master the influences of variation. Better work planning is needed to reduce the risk-taking that leads to injuries (Salminen, 1997) . Ultimately, the farmer and his/her choices determine the functionality of the production system on the farm within the infrastructure of the society (Thu et al., 1997) .
A farm is not a closed system; it is connected to the surrounding community. Therefore, in addition to the individual and organizational management factors discussed above, the sociological point of view is also relevant. Economic and other restrictions imposed by the national and international community and the appreciation received by the producers are also basic factors of occupational safety and health in the industry. However, these factors are outside the scope of this article.
The aim of this study is to examine whether there are latent, controllable, underlying injury risk factors in agriculture that are in accordance with the organizational injury theory. Based on the findings presented above, it is hypothesized that injuries are more probable among principal operators with inferior farm management practices.
Methods and Materials
A study sample of 134 farms was collected to investigate the causes and underlying factors of tractor injuries (Suutarinen, 1992 (Suutarinen, , 1997 . The study cohorts consisted of 73 case farms (one or more injuries during 12 months preceding the survey) and 61 control farms (no injuries during 12 months preceding the survey). The case farms were primarily tractor injuries on dairy farms. The response rate among eligible case farms was 50%. Sixty of the case farms were visited for in-depth investigation. The control farms were matched to case farms on type of production, farm size, and location. The response rate on eligible controls was 39%.
Most principal operators were male (95.5%). The responding and non-responding control farms did not differ in terms of arable land area. The study sample is compared with the agricultural census of 1990 and 2000 in table 1. The sample is more similar to the 2000 census than to that of 1990, but the respondents were younger, more educated, and had larger farms. Milk production was more prevalent in the study sample. These differences, as well as the low response rates and the fact that the injuries were primarily tractor injuries rather than randomly selected injuries of any type, must be considered when interpreting the results.
Variables
The primary dependent variable was the incidence of farm injuries during the 12 months preceding the survey. This variable was dichotomized into two categories: no injuries (controls), and one or more injuries (cases). The respondents were asked to describe each injurious event in terms of type of injury, circumstances, cause, physician's care, hospitalization, and the duration of disability.
The independent variables included sociodemographic, medical, as well as production -and management-related factors. Specific variables included: delays in production, number of machines, musculoskeletal disorders, exhaustion, general Agricultural Census 1990 (1992a , 1992b Maatalouslaskenta 2000 Maatalouslaskenta (2001 . health, age of principal operator, vocational education, type of production, and land area.
Statistical Analysis
The distribution of injuries in the sample was characterized to help select appropriate statistical methods. This distribution appears to be close to a Poisson distribution. Therefore, the appropriate statistical methods could include Poisson regression. When dichotomizing the incidence of injuries into zero and one or more injuries groups, chi-squared and logistic regression can be used. Poisson regression modeling (including multiple regression models to account for interrelationships between explanatory variables) was selected as the primary method in this study.
Results

Empirical Findings
The distribution of the study sample was compared to the distribution of compensated injuries in the population of all those insured by the Finnish Farmers' Insurance Institution during 2000 (table 2). The study design and the fact that only compensated injuries appear in the insurance institution data explain the differences in distributions. Forty-five percent of the principal operators reported no injuries during the preceding 12 months; the remaining 55% reported one to five injuries. Table 3 presents the results of the multiple regression analysis, along with the corresponding unadjusted results.
The significant reported delays in operations were related to the higher injury incidence in the crude rate ratios. However, when adjusted with other variables, the effect did not remain statistically significant. The increasing number of on-farm machines was associated with increasing injury rates with both the crude and adjusted rates, except the category of 15-25 machines, when adjusted for eight other variables presented in table 3. Musculoskeletal disorders were shown to have a sizable effect even when adjusted for other variables. Exhaustion was related to the higher injury rate when unadjusted, but in the multiple regression models the effect failed to reach the predefined confidence interval. Having health complaints appeared to be associated with injuries, but the relation was not statistically significant. The age of the respondents ranged from 24 to 64 years. Since the farm contact information was (Eskola, 2002) . acquired from the database of the Farmers' Social Insurance Institution, the limited age scale originates from the Finnish statutory pension and injury insurance for agricultural entrepreneurs between the ages of 18 and 65. There was no clear influence of age or of vocational education. Neither the farm type nor the cultivated area had any influence on the injury rate.
Discussion
The aim of this study was to examine underlying injury risk factors in farming and especially to test the hypothesis that lower quality management is associated with injuries. This test would indicate whether the organizational injury theory is relevant to farm injuries. Several conventional factors were used to adjust for interrelationships between explanatory variables.
The actual variable used to measure management (i.e., delays) showed that, in the unadjusted analysis, delays in operation were associated with a higher injury rate. However, when adjusted for other variables, the effect was not statistically significant, although the trend was as expected.
The connection between a growing injury rate and an increase in the number of machines used in farm operations was expected and consistent with previous research (Tupi and Vohlonen, 1983; Browning et al., 1998; Gerberich et al., 1998; ILO, 2000; McGwin et al., 2000; Rasmussen et al., 2000; Gerberich et al., 2001) . Machines are an important source of injuries, especially for men in agriculture, and the exposure to machinery is expected to grow as more machinery becomes involved in production.
Reported health complaints showed an expected relationship with higher injury rates, although not statistically significant, but the effect of musculoskeletal disorders was clear. The relation between health and injuries is documented in the literature (Penttinen and Valonen, 1995; Browning et al., 1998; Crawford et al., 1998; Lewis et al., 1998; Park et al., 2001) . Exhaustion was significantly related to the higher injury rate in the crude analysis, but not in the multivariable analysis. It is has been noted in earlier studies that when the working capacity, whether mental or physical, is not equal to the tasks to be performed, the injury probability increases (Browning et al., 1998; Lewis et al., 1998; MacCrawford et al., 1998; Zwerling et al., 1998) .
Injury rates were not statistically different between the age groups. This result is not consistent with several previous studies, which have found elevated injury probabilities either for the young (Geller et al., 1990; Carstensen et al., 1995; Zhao et al., 1995; MacCrawford et al., 1998; Gerberich et al., 2001) or for the old (Erlich et al., 1993; Zhao et al., 1995; Gerberich et al., 1998; Pickett et al., 2001 ). The lack of very young and old operators in the study sample might be at least a partial explanation. However, in Finland, Virtanen et al. (2003) , with their data of a national cohort of 69,629 farmers and 11,657 compensated injuries of full-time farmers, were not able to find a clear age effect, except for a peak among those in the 50-54 age category. Furthermore, in a prospective cohort study, Park et al. (2001) were also unable to find any consistent pattern with respect to age. Contradictory results may derive from both the differences in study design and the fact that age as such is not the explanatory factor for injuries but rather a proxy for many types of factors related, for instance, to impaired working capacity (e.g., deficient hearing or sight) (Browning et al., 1998; Zwerling et al., 1998) . The lack of conformity with some other findings might also be explained by the fact that it was not possible to measure the exposure to hazards in terms of the working hours of principal operators in this study. Besides explaining factors related to age, the Finnish early retirement system may have an influence on the age effect, as discussed by Virtanen et al. (2003) .
Vocational education was not shown to have a significant effect on injury risk. This is consistent with the findings of Murphy (1981) , Reis and Elkind (1997) , Lewis et al. (1998 ), Park et al. (1998 ), and DeRoo and Rautiainen (2000 on the limited success of education and safety training in promoting safety. However, information about the substance and quality of vocational education in respect to safety management and management in general was not available. For this reason, it is not possible to determine whether this result is due to the ineffectiveness of education, a lack of educational material on safety, or limitations of the cross-sectional study. Although it was not possible to determine why education did not influence the incidence of injuries, one should consider the possibility that the result may be explained by a lack of material or insufficient focus on management and safety issues in education.
A higher injury risk related to bovine tending has been detected elsewhere (e.g., Boyle et al., 1997; Rasmussen et al., 2000; Gerberich et al., 2001; Park et al., 2001 , Virtanen et al., 2003 . In this study sample, 95.5% of principal operators were male, while in Finland, cattle tending and milking have traditionally been the domain of women (Kaila-Kangas, 2000; Perkiö-Mäkelä, 2000) . Hence, limited exposure of men to animals is suggested as an explanation for why the type of farming was not significant in this study. The farm size in terms of cultivated area did not appear to influence the injury rate. Virtanen et al. (2003) observed a non-linear impact of farmland size in Finland; farms with 30 to 49 ha had the highest injury rate. Differences in study design are presumed to explain the difference.
Despite the fact that only one variable was intended for measuring management directly, it must be noted that other variables used in this research also indicate, at least partially, the quality of management. These include the number of machines, musculoskeletal disorders, exhaustion, and health in general. These variables represent outcomes of the selected organization of the operation. For instance, farmers can choose, depending on farm type, from various alternatives for mechanizing operations, which determines the number of machines. Health problems and exhaustion reveal problems in work organization as well, which are naturally related to personal physical and mental characteristics.
The sample of case farms was selected on the basis of reported tractor injuries. The tractor is the basic and most common piece of machinery in farming, regardless of the branch of production. The relative amount of tractor work may differ according to the farm's characteristics, but farms with different branches and sizes were represented in the sample.
The response rate was lower than expected, despite two mailings with a letter of support from the Farmers' Social Insurance Institution enclosed. However, the order of magnitude of the response rate is not uncommon (Brison and Pickett, 1991; Crawford et al., 1998; Lewis et al., 1998) . It was possible to compare the size of the farms that answered the inquiry with those that did not answer. In the comparison of arable area, the difference was not significant (about 1 ha). Comparisons with census data showed that some selection bias was likely occurring, but the magnitude of differences was not substantial. Similarity between respondents and non-respondents has been observed in other low response rate studies as well (Lewis et al., 1998) . However, this limitation in external validity may affect the extent to which the findings can be generalized. In Finland, 88% of farmers (principal operators) are male (Yearbook of Farm Statistics, 2001) , and as a result, males dominated the study sample.
Self-reporting of injuries is susceptible to recall bias. Owing to the manner of collecting the material, the inquiry or interview reached the target persons about a year after the occurrence of the injury. Slight underreporting may be expected because of imperfect recall (Lewis et al., 1998) . The accuracy of the self-reporting is difficult to assess. Nevertheless, the logical relationships noted between factors indicated that the validity of the measurements was good.
Because of the cross-sectional nature of this study, it was not possible to determine the temporal, causal relationships for all the factors. However, several factors related to management and principal operator were resolved.
The results suggest that there are discernible patterns that distinguish high-risk farms from low-risk farms. Specifically, operators reporting high numbers of machines and musculoskeletal disorders appear to have a higher injury rate. Exhaustion among farmers and delays in work can be seen as related to shortcomings of management. Although the findings with the multivariable model were not conclusively supportive for the hypothesis that the quality of farm management has an effect on the safety standards of a farm, results of the crude analysis imply that further research is needed in this area.
Conclusion
On the basis of the results, a good working capacity is one precondition for reducing the injury risk on a farm. Good ergonomics in working methods, as well as in machines and equipment, must be further promoted to reduce musculoskeletal disorders. Better business management could result in better quality of operations and in reduction in disturbances and other delays that may be risk factors for injuries.
